Preterm infants fed fortified human milk (HM) in standard (STD) fashion grow slower than preterm formula fed infants. Recently, low protein intake has been proven to be the primary limiting factor responsible for this growth failure. The main reason of protein undernutrition despite fortification is that STD fortification is based on the customary assumptions about the composition of HM. However, the protein concentration of preterm HM is variable and decreases with the duration of lactation. Also, the protein concentration of banked donor milk, which is most often provided by mothers of term infants, is likely to be lower. Hence, most of the HM fed to preterm infants during the fortification period is likely to have an inadequately low protein concentration. This hypothesis has been confirmed very recently by comparing the assumed and actual protein intakes in preterm infants fed fortified HM. Novel fortification models have been devised to deal with the problem of ongoing protein undernutrition. Individualized fortification is the recommended method to optimize HM fortification. There are two models of individualization: ''adjustable fortification'' and ''targeted fortification''. Both ways are feasible and effective in improving protein intakes and growth. Adjustable fortification has the advantage of being practical and avoids excessive protein intakes.
Introduction
The neonatal period corresponds to a critical window during which undernutrition can have permanent effects on the developing brain. Inadequate nutrition during vulnerable periods of development has been associated with impaired brain development in animal models w9, 25, 34x and with impaired neurocognitive development in human preterm infants w17, 22, 23x. Thus, provision of an optimal nutrition in the neonatal period, particularly for very low birth weight infants (VLBWI), has become a priority.
During the first week of life, when the preterm infant is unstable, an acute and severe nutrient -particularly proteindeficit accrues due to delays in establishing and maintaining adequate nutritional intakes w11x. Despite the aggressive parenteral approach based on the new recommended dietary intakes (RDI) w33x, this deficit is difficult to recover during the unstable phase. After this period, feeding clinically stable preterm infants becomes crucial to replace the accumulated deficit and to prevent morbidities related to postnatal growth failure. We present the recent evidence on human milk (HM) fortification and recommend methods to optimize the current regimen.
The essential role of human milk in the nutrition of preterm infants HM is the preferred feeding for premature infants because it offers strong protection against sepsis and other infections w6, 12, 31x and protects against necrotizing enterocolitis w14, 15, 31, 32x in the short run. In the long run, HM leads to improved neurocognitive development w5, 27, 35x. Recently, Meinzen-Derr et al. w24x reaffirmed the protective effect of HM by showing that it substantially reduces the risk of death or necrotizing enterocolitis in a dose-dependent fashion. The American Academy of Pediatrics strongly recommends the use of HM also for preterm infants because of its unique advantages with respect to host protection and improved developmental outcomes w1x.
The objective of human milk fortification
As a source of nutrients for premature infants HM leaves much to be desired. It provides insufficient amounts of a large number of nutrients when fed at the usual feeding volumes. HM must therefore be supplemented (fortified) with the nutrients in short supply.
Slow growth of premature infants is associated with poor neurocognitive outcome w10, 36x. Both slow growth and poor The objective of fortification is to increase the concentration of nutrients to such levels that at the customary feeding volumes infants receive amounts of all nutrients that meet the requirements (Tables 1 and 2 ) w19, 33, 38x. Fortification with minerals, trace minerals and vitamins presents few problems. Although the exact requirement for many of these nutrients is unknown, aiming at meeting or, more often, exceeding the presumed requirements has proved successful. This is so because neither modest degrees of shortfalls nor of excesses of these nutrients appear to pose any problems. None of these nutrients are limiting growth.
Fortification with protein, on the other hand, poses substantial challenges. Protein is, besides energy, limiting for growth and neurocognitive development, which is why shortfalls of protein, even modest ones, are not acceptable. At the same time, protein intakes in excess of needs have been considered dangerous. So much so that avoidance of ''high'' protein intakes has been an overriding principle of protein fortification. Fortunately, recent years have seen a more realistic appraisal of the effects of ''high'' protein intakes, i.e., protein intakes that are somewhat exceeding requirements. It is now evident that modest surfeits of protein produce no ill effects.
Most of the available multicomponent fortifiers contain varying amounts of protein, carbohydrate, calcium, phosphate, other minerals (zinc, manganese, magnesium, and copper), vitamins, and electrolytes (Table 3) w2x.
Current human milk fortification (standard fortification)
Shortfalls with ''standard (STD) fortification'' A Cochrane review from 2004 w20x demonstrated that fortification of HM with more than one nutritional supplement (calories, protein, and/or mineral) in comparison to the unfortified HM, improved short-term growth, increased nitrogen retention, had no long-term advantage in terms of either growth or neurodevelopment, had no clear effect on bone mineral content, and was not associated with clinically significant adverse effects.
However, comparisons between fortified HM and preterm formula (PF) w8, 28, 29, 31x indicate that despite fortification, HM fed preterm infants continue to grow slower than PF fed infants. Recently, Henrikson et al. w16x reported that 58% of VLBWI fed predominantly fortified HM had extra-uterine growth restriction at discharge. Since slow growth is a marker of inadequate nutrition with the potential of neurocognitive impairment, further refinement of HM fortification models is warranted.
The reasons of the limited success with STD fortification 1. ''Low protein intake'' has been proven to be the primary limiting factor responsible for growth failure of VLBWI w7, 8, 18x. A rate of postnatal growth similar to the intrauterine growth (15 g/kg/day) can be reached only with adequate protein intakes ( Table 1 ) that standard fortification (with a protein intake of 2.5-2.9 g/kg/day) cannot provide w2, 8x. 2. Preterm infants fed fortified HM receive less protein than they need due to ''customary assumptions''. The main reason of ongoing protein undernutrition despite HM fortification is that STD regimen is based on assumptions about the protein content of the milk. Protein fortification of HM is complicated by the fact that the protein concentration of expressed maternal milk is variable. It changes (decreases) with the duration of lactation and also varies in unpredictable fashion from sample to sample. In clinical practice, this means that the exact protein concentration of maternal milk is unknown (unless the milk is analyzed). Fortification must therefore be made on the basis of an assumed protein concentration. Because of the concern about ''high'' protein intakes in the past, a relatively high protein content of HM was assumed, thereby guaranteeing that protein intake would never be ''high'', even when the milk protein content was at the high end of its possible range. The assumed protein content was 1.5 g/dL (2.25 g/100 kcal), i.e., the mean protein concentration of premature milk in week two of lactation w21x. With the addition of protein from the fortifier (0.8-1.1 g/dL) and allowing for some variation in protein content of expressed milk, the protein content of fortified milk is unlikely to exceed 2.5 g/dL (3.5 g/100 kcal). Thus, ''high'' protein intake could never occur while protein intake would approach required intakes, albeit only if and when protein content of HM was high. At the same time, since the protein content of expressed HM is most of the time -1.5 g/dL, protein intake would most of the time be inadequate w37x. Besides, banked donor milk, which is most often provided by mothers of term infants, is likely to have even a lower protein content w2x.
Consequently, it can be predicted that the actual protein intakes would be less than the assumed intakes and therefore would be inadequate in preterm infants fed fortified HM. Very recently, this hypothesis has been confirmed by comparing the assumed and actual protein intakes in preterm infants fed fortified HM w4x. Actual protein intakes were consistently and significantly lower than assumed when fortification was performed in STD fashion (range of discrepancy 0.5-0.8 g/kg/day, Table 4 ). On the other hand, the differences in energy intake were small and not consistently significant.
The editorial by Hay on this study w13x indicates that this observation is important, because it provides a rational basis for simply adding more protein to milk in those infants whose enteral diet comes from milk, especially over long periods after birth when maternal milk or banked milk have very low protein contents. The observations that improved nutrition in preterm infants enhances brain growth and cognitive function as late as adolescence w17x provide even more justification for the suggested approach.
The fortification paradigm has shifted to add protein in amounts that guarantee adequate intakes under all circum- Table 4 Assumed and actual protein, fat and energy content of the fortified human milk and assumed and actual protein, energy intakes of the infants w4x.
Standard Adjustable

Assumed values Actual values Assumed values Actual values
Protein content (g/100 mL) 1 st week 2.3"0.0 1.9"0.3*** 2.5"0.3*** 1.9"0.2*** 2 nd week 2.3"0.0 2.0"0.2*** 2.7"0.3*** 2.2"0.3*** 3 rd week 2.3"0.0 1.9"0.2*** 2.8"0.3*** 2.3"0.3*** Fat content (g/100 mL) 1 st week 3.9"0.0 3.8"0.5 3.9"0.0 3.5"0.9 2 nd week 3.9"0.0 3.7"0.8 3.9"0.0* 3.4"0.7* 3 rd week 3.9"0.0* 3.4"0.6* 3.9"0.0 3.6"0.9 Energy density (kcal/100 mL) 1 st week 85.0"0.0 85.0"5.4 88.7"1.0 85.0"8.7 2 nd week 85.0"0.0 83.9"7.9 90.0"3.4** 83.7"6.9** 3 rd week 85.0"0.0* 80.5"4.9* 90.5"1.5 85.2"3.9 Protein intake (g/kg/day) 1 st week 3.41"0.14*** 2.9"0.4*** 3.7"0.1*** 2.9"0.3*** 2 nd week 3.47"0.06*** 2.9"0.3*** 4.0"0.4*** 3.2"0.4*** 3 rd week 3.45"0.06*** 2.8"0.2*** 4.2"0.3*** 3.4"0.5*** Energy intake (kcal/kg/day) 1 st week 126.1"5.2 125.9"7.9 132.2"1.8 127.2"12.1 2 nd week 128.4"2.4 126.6"11.8 135.2"4.2* 125.6"11.6* 3 rd week 127.6"2.4* 120.5"8.3* 135.9"2.7 128.0"8.3
Values are mean"SD. *, **, ***Significant differences between groups (assumed and actual values) at each time point (week); P-0.05, P-0.01, P-0.000001, respectively.
stances, i.e., even when milk protein content is at the lower range. None of the commercial fortifiers are suitable for achieving the goal of adequate protein intakes under all circumstances. Several solutions to the problem of protein fortification are available.
New concepts and recommendations for optimization of human milk fortification: ''Individualized Fortification''
Individualized fortification is now believed to be the best solution to the problem of protein undernutrition with standard fortification of HM. Currently, two methods have been proposed for individualization: the first, ''targeted fortification'', is depending on milk analyses; the second, ''adjustable fortification'', is depending on the metabolic response of each infant.
Targeted fortification
The concept is to analyze HM and to fortify it in such a way that each infant always receives the amount of nutrient that he needs. This method has been proposed and studied by Polberger et al. w30x and provided the preterm infants with improved protein intakes and growth. The milk is analyzed periodically and a target nutrient intake (protein) is chosen according to the predefined requirements of preterm infants. The amount of fortifier is added considering the protein content of the milk to reach the targeted intake. In the study of Polberger et al., the targeted protein intake was 3.5 g/kg/day w30x.
Adjustable fortification By this method, protein intake is adjusted on the basis of the infant's metabolic response, evaluated through periodic determinations of blood urea nitrogen (BUN). This model was feasible and practical w26x.
With the fine-tuning of the model, recently the same group of researchers showed that ''adjustable fortification'' method is effective to provide the preterm infants with adequate protein intakes and appropriate growth approximating intrauterine intakes and growth (w3x, Figure 1 ). Advantages of adjustable fortification:
• The adjustable fortification does not make any assumptions regarding an infant's protein requirements; it directly monitors the metabolic response taking into consideration the actual protein status in each infant.
• It avoids possible excessive protein intake.
• It does not need frequent milk analyses and equipment, and it is not labor intensive: in other words, it is practical for routine use in the nurseries.
Conclusions
Fortification of HM, though is crucial, has become more complex than anticipated. Current standard fortification methods have yielded inadequate protein intakes resulting in slower growth compared to PFs. Recent studies show very clearly that not energy but additional protein supplementation is required for most of the VLBWI fed by fortified HM in standard fashion. The use of individualized fortification, Figure 1 Average protein intakes (g/kg/day) during the study compared with intrauterine (IU) protein intakes. IU intakes reflect intrauterine protein intakes of the fetus with a body weight corresponding to the mean body weights of the study infants for each week (STDsstandard fortification, ADJsadjustable fortification) w3x.
particularly ''adjustable fortification'' which is effective and practical in reaching adequate protein intakes and growth, is recommended. Individualized fortification with an entirely HM based fortifier seems to be an interesting and challenging approach for the future. 
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